The optimization of the annual maintenance scheduling is a multidimensional and nonlinear integer optimization problem. In this paper, the annual maintenance scheduling model is established with the minimum cost of maintenance and the expected minimum power supply, and the pollination algorithm based on e constraint is proposed. By obtaining the Pareto optimal solutions and comparing the economic and reliability objectives of the optimization problem of the maintenance scheduling, the proposed algorithm can effectively improve the solution precision of the multiobjective optimization problem and the distribution of the optimal solution. Based on the annual inspection scheduling of 12 transmission lines in a region, this paper compares the proposed algorithm with the Differential Evolution Flower Pollination Algorithm with Time Variant Factor (TVDFPA) and the Simulated Annealing Pollination Algorithm (SFPA). Based on the result, ε-constrained algorithm is superior to the other two in performance and calculation time.
INTRODUCTION
State maintenance is the use of modern technology to monitor the equipment, the current conditions for the equipment to determine the best maintenance time maintenance methods [1, 2] . In this paper, with the economic, reliability, security as the goal, the use of relevant mathematical methods for constraint processing and solution, the main purpose is to develop a more reasonable and targeted maintenance program. Compared with the traditional transmission line regular maintenance method, this method saves a lot of maintenance costs, and can increase the reliability of transmission lines, more in line with the current power enterprise operation and management requirements.
The optimization algorithm of transmission line maintenance scheduling generally includes genetic algorithm [3] , multi-objective particle swarm algorithm [4] , Benders decomposition method [5] , ant colony algorithm [6] and opportunity constraint 2-layer scheduling method [7] . Generally, the transmission line maintenance scheduling model is solved as a high-dimensional multi-objective optimization problem, and the multi-objective quasi-physical physics algorithm is used to obtain the multi-objective solution set with good distribution. In the literature [5] , the Bender decomposition method is used to decompose the maintenance optimization model into the main problem and the subproblem solution, and a single objective maintenance model with the objective function is established. In the literature [8] , the research status of optimization of transmission line state maintenance scheduling is described, including the Benders decomposition method, the sensitivity analysis method and the reliability analysis method in the transmission line maintenance and the comparison between the advantages and disadvantages of the algorithm. The optimization algorithm should be based on the calculation speed and convergence as the main improvement direction.
In this paper, we use the ε-constrained processing method and the pollination algorithm to improve the original pollination algorithm and establish a multi-objective optimization model for the maintenance model of the transmission line. The multi-objective optimization model of the line maintenance model is established. TVDFPA and SFPA are compared with the proposed method. The results show that the improved algorithm can improve the efficiency and reduce the time of calculation.
MULTI-OBJECTIVE OPTIMIZATION METHOD Pollination Algorithm
Pollination algorithm is used in power system to solve the optimal solution by diminishing certain performance. In the literature [9, 10] , pollination algorithm are used for optimal allocations and sizing of capacitors in various distribution systems. In the literature [11] , researchers use it to find out the optimal parameters of a static VAR compensator. In the literature [12] , combined economic emission dispatch problem in power systems is suggested to be solved by the pollination algorithm.
The principle of pollination algorithm [13] is to imitate the pollination process of flowers. Combined with Levy flight [14] , it is able to achieve local search and global search, with fewer parameters, fast calculation characteristics.
The following are four rules for the pollination. 1) Biological cross flower pollination as a global pollination, pollination mode is considered Levi flight.
2) Local pollination uses non -biological pollination and self -pollination.
3) Pollinators, such as insects, will develop the habit of patronizing a particular flower, and its breeding probability is proportional to the similarity of a two flowers. 4) Local pollination and global pollination are controlled by the transfer probability, which is slightly biased towards local pollination.
According to rule 1 and rule 3, the global pollination of the position change is updated as follows:
(1) In this paper, L(λ) is used to simulate the movement of insects. The paper used Levi flight L(λ)> 0 Levi distribution:
The distribution of Γ(λ) is effective for larger steps (s>0). Using the Mantelia algorithm [14] to calculate the step size s:
The variance can be calculated by:
(4) For a given parameter λ, σ 2 is a constant. According to rule 2 and rule 3, the local pollination position changes the formula:
Constraint Processing Method ε-constrainted processing was first proposed by Takahama in 2005 [15] , and its basic principle is similar to the feasible solution constrained constraint, except that it relaxes the constraint violation through the function at the early stage of the search. The method will produce more infeasible solutions in the early stages of optimization, and will be updated until the number of iterations has been reached. After the number of iterations reached T c , the constraint processing is the same as the feasible solution constrained constraint processing. The ε function is updated according to the following formula:
the reference range of cp is [2, 10] .
Multi -Objective Optimization Algorithm Performance Index
Judging the quality of multi-objective optimization problems, there are usually two indicators:
1) The degree of convergence of the solution set to the true Pareto solution set.
2) the diversity of solutions. In order to quantify the multi-objective optimization algorithm, this paper uses the performance index function R(I R2 ) :
A MULTI -OBJECTIVE OPTIMIZATION MODEL FOR TRANSMISSION LINE STATE MAINTENANCE Multi -Objective Optimization Model
The overall model of the transmission line status maintenance scheduling is as follows: 
A solution that is not dominated by any solution is the Pareto optimal solution, which is usually a solution set.
Objective Function
Transmission line condition maintenance plan arrangements, it is necessary to consider its economic indicators, while meeting the requirements of the system reliability. Therefore, the general optimization of transmission line maintenance scheduling has two objectives, namely, economic objectives and reliability objectives.
(1) Economic objective function based on life cycle theory. (12) In the formula, T k includes installation costs, design costs, material costs, transportation costs.
(2) Reliability objective function based on ETS evaluation of expected power supply.
13) Restrictions
(1) Restrictions on the maintenance of the constraint conditions associated with the transmission line overhaul strategy:
While the maintenance of the constraints: 
Sequential maintenance of the constraint
Unchangeable maintenance constraints: In the formula, the total number r of different transmission path lines formed by the collection is different.
(26) In the formula, the upper limit δ is based on the critical degree of the line in the network. Once the risk assessment result of the line exceeds the upper limit, it needs to be repaired immediately. K represents the total number of lines.
EXAMPLE ANALYSIS
According to the process steps shown in Figure 1 Set the population size N, the maximum number of iterations T max , the probability of conversion P, the range of individual population, and get the initial population P pop Extract p from the uniform distribution and calculate the progeny collection C pop by the formulas (1) and (5) The Pareto optimal solution is obtained in P pop under the current iteration number According to the transmission line state maintenance method to develop the 12 lines of the maintenance scheduling. To develop the transmission line annual maintenance scheduling, for example, the time t unit for the week, a total of 52 maintenance period, that is, T is 52. The initial arrangement of the state maintenance scheduling is shown in TABLE II.
The maximum number of iterations is 1000, the number of state overhaul lines represents the number of rows N of the decision variable matrix X is equal to 12, and the total number of state overhauls represents the decision variable; the number of columns of the matrix is T = 52. After the optimization program is finished, the Pareto optimal solution set Xm,best, Xn,best, which is routinely overhauled. The non-dominated optimal individuals Xm=1,best, Xn=1,best under the final iteration number of the solution set, and the resulting transmission line state maintenance scheduling is shown in TABLE III. From the Pareto solution set of the daily maintenance optimization results, the highest ranking of the three plans, and compared with the initial maintenance scheduling, the economic and reliability indicators in TABLE IV.
From TABLE IV, the initial maintenance scheduling maintenance costs are high, the workload is large, but did not effectively improve the reliability of transmission lines. The resulting Pareto optimal solution matrix achieves better economic and reliability over the initial state maintenance scheduling matrix. TVDFPA uses improved step factor, and the difference evolution strategy is added in the iterative process [16] . SFPA uses the simulated annealing (SA) to improve the global search capability of traditional flower pollination algorithm (FPA) [17] . These two methods and the method proposed in this paper are used to calculate the examples. The population size is 200 and the number of iterations is 1000. The performance index function R(I R2 ) and the calculation time results are shown in The results show that the FPA with ε constraint is superior to TVDPA and SFPA in the optimal performance and calculation time for multi-objective optimization of transmission line condition maintenance. Thus, the constraint pollination algorithm is more reasonable in solving the problem, and can more effectively improve the economic and reliability of the transmission line maintenance scheduling.
CONCLUSIONS
In this paper, the constraint processing method and the pollination algorithm are combined to improve the original pollination algorithm., Simulated Annealing Pollination Algorithm (SFPA), and the Method of Differential Propagation Pollination Algorithm (TVDFPA) are compared in the two aspects of performance and calculation time. Methods were compared and the following conclusions were obtained:
(a) The improved pollination method proposed in this paper improves the local convergence problem, uses less algorithm parameters, and can effectively deal with constraints and obtain a good convergence set, which can effectively shorten the computation time and enhance the uniform distribution of the solution set.
(b) According to the algorithm to solve the problem, the economic and reliability target of the transmission line is better than the initial state maintenance scheduling, which is the basis for the selection of the optimization method for the transmission line maintenance scheduling.
(c) In the future work, more optimization methods could be considered to research the maintenance plan development in power systems, which is able to save manpower and reduce power outage. Furthermore, the research focus will be on the combination of optimization algorithm and practical engineering application.
